Purpose: Exposure to a particular pattern of weak (~3 to 5 μT) magnetic fields produced by computer-generated point durations within three-dimensions completely dissolved malignant cancer cells but not healthy cells. Biomolecular analyses and confocal microscopy indicated excessive expansion followed by contraction contributed to the "explosion" of the cell. However, after months of replicable effects, the phenomenon slowly ceased. Considering the potency of the complete dissolution of cancer cell lines after 5 days of 6.5-hour daily exposures and the implications for human treatment, the potential source of the disappearance of the effect was pursued by summarizing all of the 50 experiments and assessing the likely etiologies. Materials and Methods: B16-BL6, MDAMB 231 and MCF7 malignant cells and HSG, a non-malignant cell line, were exposed to a sham-field condition or to a specific pattern of computer-generated magnetic fields produced from converting different voltages, each with point durations of 3 ms to 3-D magnetic fields. Conclusion: The specific serial presentation of the two field patterns (one frequency modulated; the other amplitude and frequency modulated) completely dissolved malignant cells but not normal cells within a "zone" within the exposure volume at the conjunction of the three planes of the applied magnetic fields. The affected cells underwent massive melanin production, expansion, contraction and "beading" of submembrane actin structures before fragmentation within this zone. However, this powerful all-or-none phenomenon may have been disrupted by moving the cells, excess mechanical agitation during exposure, or non-optimal point durations of the field parameters. Indirect effects from communication signals (WIFI) through line currents that operated the incubators could not be excluded.
Introduction
The classic Greek philosopher Heraclitus is credited with stating that "one can never step into the same river twice". The operation if it were homogeneously valid would eliminate the potential for replication, the most essential property of knowledge derived from experimentation. Most models of physics depend upon the assumption of constancy for parameters that determine interactions between matter and energy superimposed within space. However, the earth has not been in the same space during human history as the solar system orbits the galactic center approximately once every 250 million years. If even a subset of terrestrial phenomena is influenced by the intrinsic changes in spatial structural, then the ephemeral reliability of multiple observations in a relatively narrow temporal band may originate from processes other than random or spurious variation. The unique features of biological systems with respect to electromagnetic field-energetic interactions have been reviewed by Cifra et al. [1] . The quantifiable relationships between chemical dynamics of cell-relevant systems and the specificity of the applied fields have been reiterated by many researchers [2] - [4] .
Within the domains of cancer research, there have been multiple reports of effects over the centuries that appear to be very efficacious within the specific laboratory or historical period that ultimately or "suddenly" lost their potency. The most typical attributions have involved experimenter incompetence, changes in quality of reagents and equipment, or anomalous cell lines. Although all of these factors are likely to have been present in many of the failures to replicate [5] , they are still post hoc explanations and attributions rather than experimental proofs. The actual combination of causal variables that result in elimination or attenuation of malignant cell growth without adversely affecting normal cells may not be identified in our lifetimes. However, a tradition of systematically reporting the most powerful, although transient, treatment effects in the scientific literature may ultimately contribute to the solution.
There are several studies that have demonstrated a moderate slowing of cell growth of malignant cells when they are exposed for one hour to a few hours per day to patterned magnetic fields with intensities within the microTesla to milliTesla range [6] - [8] . Murugan et al. [9] had found that exposing planaria for 6.5 hr per day for 5 days to one frequency-modulated pattern that also produced analgesia in invertebrates and vertebrates produced no conspicuous effects. However, on the fifth day when the worms were exposed for an additional 6.5 hours to a very complex magnetic pattern that was an accelerated amplitude modulated form, there was complete dissolution of the worms within about two hours [9] .
The effect did not occur if this accelerated pattern was presented first for five days and then the frequencymodulated pattern was presented. The proportion of dissolution of the planaria was also a function of the duration of the antecedent exposure to the fields on the last day as well as field intensity. Such directionality, similar to the variable efficacy of L and R stereoisomers, has been found for a specific pattern that produces analgesia, cell growth, and infusion of calcium into cells [10] [11] . Presentation of the same pattern but in reverse sequence resulted in no effect. When we exposed mouse melanoma cells to this protocol, we measured complete elimination of cells on the fourth and fifth days after the treatment began. The effect was conspicuous and displayed an intensity threshold. This was manifested as an area at the interface of the three-planes of magnetic field application with cell absence surrounded by relatively normal cells. Despite dozens of replications over several months, this powerful and potentially clinically applicable effect slowly attenuated over a period of about two months. Here we present the general conditions and characteristics of this phenomenon.
Methods

General Experimental Protocol
For all 50 experiments the preparation, extraction and handling of cells were as similar as possible and involved at least three different experimenters. The primary cell line was a mouse melanoma (B16-BL6). Because of the initial success other lines such as MDA MB 231, MCF 7 and HSG cells (from American Type Culture Collection) were tested. As shown in Table 1 there were a total of 50 experiments completed over a period spanning three years (2012, 2013, and 2015) . The B16-BL6 murine melanoma cells were cultured in vitro in DMEM (Dulbecco's Modified Eagle Medium) that contained 10% fetal bovine serum and antibiotics in a carbon dioxide environment at 37˚C in standard incubators. Plates of cells were exposed to the "Thomas pulse" magnetic field pattern within the incubators for 6.5 hr per day for 5 days unless specified otherwise. On the fifth day an additional 6.5 hr exposure to the second ("geomagnetic" pulse) occurred. Four experiments involved 1 day and 3 days to discern "duration" dependence. Each day, after the exposure, one of the plates was harvested to observe the effects. Cells were harvested following incubation with trypsin and collection by centrifugation at 2000 g for 10 min. The pellets of cells were re-suspended in PBS containing 0.1% trypan blue. Quantification was completed using a hematocytometer. For each sampled plate eight separate counts were obtained and averaged.
Biochemical Measures-Acridine-Orange Confocal Microscopy
(Detection of Apoptosis)
B16-BL6 cells were cultured on glass coverslips and allowed to adhere for 24 hour at 37˚C. The cells were exposed to sham or MuKarb-EMF for 6.5 hr per day with the geomagnetic component of the tandem field sequence presented only on the 5 th day. After treatment, the cells were collected 6 hours post-treatment on days 1, 2, 3, 4, or 5. B16-BL6 cells were also treated with 6 μg/ml of camptothecin and collected 6 hours post-treatment. This procedure was employed as a positive control for apoptosis. The cells were stained with 100 mg/ml acridine orange (Sigma Aldrich) for 5 min and then stained with 100 mg/ml of ethidium bromide (Sigma Aldrich) for 5 min. The coverslips were washed in PBS, gently mounted onto a glass slide, and sealed with clear nail polish. Fluorescence was visualized by a LSM510 microscope using the 488 nm laser for activation and Fset 17 (detection 515 -585 nm) for acridine orange and Fset 28 (detection 617 nm) for ethidium bromide (acridine orange excitation at 502 nm and emission at 526 nm and ethidium bromide excitation 510 nm and emission 595 nm).
Biochemical Measures-Phalloidin Confocal Microscopy (Actin Detection)
B16-BL6 cells were cultured on glass coverslips and allowed to adhere for 24 hour at 37˚C. The cells were exposed to sham or MuKarb-EMF with the geomagnetic component of the tandem field sequence presented only on the 5 th day. After treatment, the cells were collected 6 hours post-treatment on days 1, 2, 3, 4, or 5. Cells were washed in PBS and fixed using formaldehyde (3.7%) for 10 minutes at room temperature. The coverslips were washed with acetone at −20˚C for 5 minutes and stained with 5uLAlexa Fluor ® 488 Phalloidin (Life Technologies) for 5 min. Fluorescence was visualized using a LSM510 microscope.
Equipment
The equipment was similar to previous experiments. The exposure volume was a 10 cm × 10 cm × 10 cm plastic box (Figure 1(C) ). Six (3 pairs) of solenoids that were modified reed relays (Radio Shack 275-0232 SPST5VDC, Contact rating: 0.5 A, 125 VAC, nominal current: 20 mA). Each solenoid was 50 Ω within which a small nail was inserted to enhance flux density and was contained within a plastic canister. Each canister containing the solenoid was placed at the midpoint of each wall of the box. The circuit was connected such that at any given time the two solenoids on opposite sides of the same plane were activated and the field was generated between these solenoids across the cells (Figure 2) .
The plates were stacked 6 high in the middle of the box so that the cells were exposed to the interface of the three planes of the continuously generated magnetic fields. The average intensity of the magnetic fields in the center of the box as measured by a power meter was 26 mG (range 26 -29 mG) for both types of fields. For the Thomas pattern the field strength increased quasi-exponentially to 150 mG (range 140 to 160 mG) adjacent to the solenoids as shown in Figure 2 . The peak exposure in the plates along the edges was ~50 mG. However the geomagnetic pattern produced an unusual gradient. Starting with the 26 mG value in the center the strength diminished towards the solenoids to about 18 mG and then rapidly escalated to the increasing intensities as any given solenoid was approached. The perimeter for this sudden shift was about 4 cm from the center. Sham-field exposures involved placing the plates of cells in the same boxes except there was no field generation. The background power frequency magnetic fields (60 Hz) within the incubators were about 1.5 mG. The magnetic fields were generated by software and equipment developed by Koren and Persinger (U.S. Patent 6,312,376 B1: November 6, 2001; Canadian Patent No. 2214296). Essentially a series of numbers (in a column) from 1 through 256 were converted to voltages between −5 and +5 V (127 = 0 V) through a custom-constructed digital-to-analogue-converter (DAC). The Complex software was developed by the third author (Stanley A. Koren) and was organized such that any column of numbers could be transformed to specific voltages from a computer (Figure 1(A) ). This allowed unlimited flexibility for the type of patterns that could be generated including those digitized from natural recordings of cell activity. The output of the DAC (Figure 1(B) ) was delivered to the successive pairs of solenoids of the exposure boxes (Figure 1(C) ).
The software was designed to control the point duration of each voltage. The value is the time allocated to generating a specific voltage (based upon the number between 0 and 257 being transformed) to the exposure device. The software also allowed programmable times between the presentations of patterns, that is the interstimulus or interpattern interval. Multiple previous experiments have shown that 3 ms point durations are most effective for slowing growth of cancer cells in vitro as well as in mice and for producing analgesia in rats that is equivalent to 4 mg/kg of morphine following only 30 min of exposure.
The "MUKARB" (Murugan-Karbowski) sequence is composed of two patterns. The first pattern, a frequency modulated field often described as the "Thomas pulse", has been shown to produce slowing of cancer cell growth rates and analgesia in vertebrates and invertebrates. It is composed of 849 points (i.e., numbers between 0 and 257) and is shown in Figure 3(A) . The second pattern (composed of 5071 points) is shown in Figure 3(B) . It was initially designed to imitate a sudden geomagnetic storm commencement by employing point durations of 69 ms such that a fundamental 7 Hz field was amplitude-modulated as well as (sub-harmonic) frequency-modulated over an approximately 6 min period. The spectral power densities are shown in Figure 3 (C) and Figure  3(D) . To obtain real frequency multiply the spectral frequency by 333 Hz (i.e., the Nyquist limit is 1/2 or 167 Hz for 3 ms point durations). These patterns indicated that most of the energy for the "Thomas pulse" was between 8 and 25 Hz while the geomagnetic pulse was densely distributed across the low frequency band with a marked exponential increase approaching the Nyquist limit. When this pattern's point duration was set to 3 ms and pre- sented after the Thomas pattern exposures, Murugan et al. [9] found that planarian dissolved within two hours after the presentation of the field. Presenting the fields in reversed order or for briefer than optimal periods did not produce this effect.
In the present series of experiments over three years the MUKARB sequence was presented to different cell batches and types by different experimenters. In some experiments the MUKARB was reversed. The "geomagnetic" component was presented first and then the Thomas pattern was presented second. For some experiments the durations of exposures were less than 5 successive days. Following the failure to produce this robust effect additional manipulations of the point durations (year 2015) were completed to discern timing effects because precision has been shown to be critical.
Results
The summary of all of the results for the 50 experiments are shown in Table 1 . Between 14 February and 22 July 2012 the dropout rate from the MUKARB exposure was 100% for the B16 and MDA MB 231 cells and about 65% for the MCF 7 cells. On the other hand HSG cells which are considered "non-malignant" showed no or minimal dropout during this period. This reiterated previous experiments that these patterned magnetic fields specifically affect cancer cells but not normal cells.
By 100% dropout, we mean there were no cells visible within this portion of the dishes. This is similar to the complete dissolution of the planarian we published previously [9] . Reversing the direction of the pattern ("reverse MUKARB") produced no dropout. Abbreviated exposures also produced less effect. After 22 July the effect began to diminish (August and September). During the remaining months of 2012 and the first part of 2013 the MUKARB sequence was no longer effective and was similar to sham-field treatments.
That the effect was geometric-intensity dependent is indicated in Figure 4 . During the period of the optimal effect from the MUKARB sequence the initial dropout of the cells began in the areas of the dishes that were exposed to the central portion of the experimental field where all three planes intersected. The width of the "dissolution zone" was about 9 cm. This width would overlap with the perimeter where the geomagnetic pattern shifts from its declining intensity from the center and suddenly increases (following the typical exponential curve) towards the solenoids.
Biochemical Measures
Melanin production in the cells exposed to the MUKARB when it was effective was visibly evident as shown in There was a clear duration dependent increase in melanin production following exposure on the fifth day to the MUKARB sequence compared to the sham-exposed, camptothecin (the positive control for DNA damage) or either only the Thomas component or geomagnetic component of the MUKARB pattern. In other words the specific MUKARB sequence was required to produce the massive melanin production. There was a clear time-dependence in the accumulation of melanin in the actual cells that was discernable after 15 min and maximized after 60 min as shown in Figure 6 . It occurred only after the onset of the second (geomagnetic) field. Measurements were completed during the first hour because by the end of the 6.5 hr exposure there were no cells remaining. Trypan blue measurement of the morphology indicated that enlargement of the cell by about 50% followed by rebound contraction by about 50% occurred within a period of about 2 hours. Note the marked melanin precipitant from cells 1 hr after exposure to the final component of the MUKARB pattern.
The phalloidin stain (Figure 7 ) revealed a positive actin staining within the cells that was evident along the insides of the plasma membranes as revealed by CONFOCAL microscopy. However unlike normal cells or sham-field exposed cells the indicator of actin staining revealed enhanced heterogeneity of density along the internal perimeter. The "smooth" distribution observed for normal cells was replaced with successive increments of short "widening" of the "ring" as if coalescence was beginning. This beading is most obvious with the acridine orange stain shown in Figure 8 as well as at low magnifications.
Discussion
We [8] [9] [11] [12] have been examining the effects of various patterns, phases, intensities, frequencies, and origins of magnetic fields upon biological systems for decades. The development of the personal computer and the specialized software by S. A. Koren that allowed the generation of innumerable sequences of voltages (and magnetic fields), each with specific point durations, significantly changed the flexibility for producing applicable electromagnetic patterns that could imitate those generated by natural processes. Our original research with relatively short duration patterns (about 1 to 2 s) repeated over periods of 30 min to 60 min produced analgesia in rats [11] [13] that was equivalent to 4 mg/kg of morphine and was blocked by pharmacological agents known to antagonize mu receptors [11] and the nitric oxide correlates [13] . Similar effects were found with invertebrates during the same period of exploration by Thomas, Prato, Ossenkopp, Kavaliers and their colleagues [14] . The progress from single pattern exposures to tandem sequences of different patterns was a logical extension that produced powerful effects. Prenatal exposure of rats to a complex magnetic field composed of about 20 patterns (some repeated) resulted in conspicuous morphological changes in hippocampuses in adult brains [12] . When adult mice were exposed to this same pattern for several days, micro-array analyses indicated significant shifts in genes associated with the pathways involved with membrane and myelin integrity and formation. When a protocol, involving the same two patterns employed in the present experiments, was applied to planarian for several hours per day over 5 days, a conspicuous and complete dissolution of these worms occurred within hours of the initiation of the second pattern [9] .
In a manner similar to the elicitation of powerful limbic seizures and brain damage in rats injected systemically with therapeutic concentrations of lithium followed 4 hours later by pilocarpine but not if the order of drug injection was reversed [15] , reversing the Thomas-Geomagnetic order produced no dissolution of the worms [9] . The same treatment was applied to cancer cells. When the treatment was effective over several months, we found similar massive disruptions of cell integrity in cultures. Subsequent biochemical analyses revealed potential intracellular changes that would be consistent with the decimation of the entire cell within a defined perimeter at which the three planes of the applied magnetic fields intersected. When the order of the pattern was reversed, the cell morphology and biochemistry did not differ from sham field controls.
Potential Mechanisms
The results of the phalloidin stain following exposure to the MUKARB sequence were conspicuous. The typical thin "layer" of actin that we presume reflects the internal cytoskeleton often seen in normal and non-exposed cells was replaced with an emerging "beady" texture as if a series of discontinuities had been introduced into this layer's continuity. It appeared similar to what we [16] and others [17] had seen with traditional histological stains by light microscopy in the myelin in the long tracts in brains of patients and rats who had sustained massive impacts of mechanical energy to their skulls. This "beading" is called "retraction balls" and has been attributed to the result of the sudden contraction and expansion of the cerebral volume during the mechanical impact. Along the path of the pressure wave, there were discrete clusters of shrunken and darkly stained neuronal cell bodies containing marked "granulated" structures visible at 1000×.
The trypan blue indicators were consistent with relatively quick enlargement and shrinkage of the cells following the onset of the second component of the MUKARB. We suggested that the "bead-like" nature of the phalloidin perimeter might reflect the analogue of "retraction balls" found in myelin and would support the microscopic observation that the cells underwent distention/contractions beyond the elastic limit of the actin-containing cytoskeleton. The phenomenon might be considered to be analogous to the long-term consequences of excessive extension of actin-myosin molecules in muscle fibers that resulted in anomalous changes in Z-lines that subsequently affected the tissue's capacity to display maximum displacement in response to interactions with ATP. This condition is often associated with the deposition of fine particles of calcium salts. In the cellular instance, the distention appears to have exceeded the tensile strength of these proteins resulting in micro-fragmentation or "bursting" of the cells.
Potential Sources for Inconsistency of Effects and Limitations
The reasons for the "slow" diminishment of this conspicuous effect are not clear. We consider at least four possibilities. The first involved the introduction of pervasive and dense wireless communication within the facility. Although one would expect that the incubators would behave as simulated "electrically shielded" Faraday cages, this may not be correct. Many facilities, including the one in which our experiments were conducted, superimpose (unknowingly or by design) the wireless signals within the peripheral shielding of the cables delivering the line current. We have measured these microwaves signatures through the protective covering of the lines from the power supplies (although they are grounded) that drive the DAC systems. It may be useful to remember that with a background of 10 W•m −2 from microwave appliances (which we measured in the laboratory where the experiments were completed) the energy across a cell with a cross-sectional area of ~10 −10 m 2 is about a picoJoule per s. This is within the range of the energy per second utilized by the cell from glucose metabolism. Whether or not these energy sources would be interactive must still be discerned.
The second source is the role of thixotropic phenomenon as described by Verdel and Bukovec [18] Thixotropy refers to the slow increase in gel-like behavior of water, that is increased viscosity of a volume of water, when it is remains stable in the same place and usually in the dark. Mechanical processing such as movement of the plate or intrinsic vibrations from the environment diminishes this additional viscosity. Thixotropy develops spontaneously over time and is likely to involve the formation of structured networks of hydrogen bonds between ions in aqueous solution and the water molecules. The width of these networks ranges between 30 to 500 nm with a median of about 100 nm. In other experiments Murugan et al. [19] found that exposure of spring water (but not double distilled water) sitting undisturbed in the dark for more than a week to the Thomas pattern resulted in marked increases (100 photons or about 20% more than sham field exposed) in photon emissions as measured by fluorescent spectrophotometry within the visible wavelength. The shift from about 390 to 409 nm involved a difference of about 10 −20 J. Spectral analyses of the enhanced photon counts across the 1 nm frequency band revealed a spatial periodicity of 10 nm, the width of a membrane. Excessive mechanical agitation of the samples during transport to the laboratory eliminated the effect.
The third possible explanation is that the fidelity of the components of the DAC system, which transforms the columns of numbers to voltages and hence ultimately to the current that generates the magnetic fields within the solenoids, may be limited. The unique feature of this method of generating magnetic fields involves an optocoupler that if our assumptions are valid [20] results in superimposition of photons within the magnetic field within which the cells are exposed. There is accumulating evidence the "information" within patterns of ultraweak (~10
) biogenic photon emissions from living cells may actually be the control stimuli that determine the integrity, dynamics and perhaps mortality of the cell [21] - [23] . We have noted that the optocoupler is particularly vulnerable to the rapid reversals from maximum-to-minimum values which would have been encountered with the geomagnetic signal because of the rapid alterations in maximum polarities. In other experiments replacement of optocouplers with the appropriate load capacity has resulted in the increased efficacy of slowing malignant cells growth when previously the diminishment was less or not different from sham field controls.
The fourth possibility, which is less palatable to many scientists and in many respects a challenge to the scientific tradition of maintained replicability, is the possibility there has been a change in the inertial frame or intrinsic space through which the earth as a component of the solar system is moving as it orbits the galaxy. Although potentially coincidental the disappearance of the MUKARB effect occurred at approximately the time the background radiant flux densities of photons that we measure continually by analogue photomultiplier tubes began to increase from the values of ~10 −12 to 10
. Transient increases of the photon flux density by a factor of 10 about two weeks before very intense (>8.0 M) seismic events anywhere on the planet have been measured [24] . However the PMT values always returned to baseline within a day or two after the seismic event. Since about July, 2012 we have measured a persistent rise in background photon power density from unknown sources [25] .
That subtle changes associated with the solar cycle can affect chemical reactions has been known for more than a century. Takata [26] measured extensively the "flocculation index" in blood and discerned sunrise/sunset effects as well as latitude and solar rotational components. The famous Piccardi effect [27] whereby the precipitation measures for bismuth compounds followed the solar cycle is particularly relevant because these colloidal-like suspensions share many of the physical parameters such as viscosity with the cytoplasm and its interface with surface boundaries. Calculations indicate that the cell membrane's energy is predicted by mass interactions with the earth [28] and has the potential to be modulated by the subtle shifts in the energy across the membrane generated by the time-dependent changes in force as a function of lunar distance [29] . This relationship at a behavioural level was demonstrated repeatedly by Frank Brown, Jr and his colleagues decades ago [30] . Recently the global effects [31] of such "subtle forces and energies" were measured for photon emissions from seedlings that are similar over the surface of the planet [32] .
Although cells contain intricately connected organelles the interfacial water properties along the inside and outside of the plasma membrane is also a special condition that exhibits unique properties [33] [34] . As shown repeatedly by Pollack and his colleagues [35] , the viscosity of the water within the boundary interface (interfacial water) is increased by a factor of 10 compared to bulk water. The potential difference (voltage) from the resulting sheet of protons becomes equivalent to the traditional membrane potential attributed to extracellular-intracellular discrepancies of ion concentrations such as potassium [28] . Solutes remain excluded for protracted periods. This allows for a potential "condensate" like state where application of the appropriate temporally complex magnetic fields that simulate this resonance can be trapped within cohesive domains of water. Like a crystal state the convergence of temporal patterns towards the natural frequency could disintegrate the supportive structure.
General Conclusion
Kaiser [5] has recently revealed marked variability in the independent reproducibility between laboratories for cancer treatments and diagnostic tests. This persistent multivariate contribution from variables that have not been measured or even considered may be more prevalent than anticipated, particularly for treatments with physiologically-patterned magnetic fields. We suggest that the specific temporal-spatial configurations of these sequential magnetic fields should promote the coherence required for the "trapping" of the magnetic fields within the domains occupied by the intrinsic cytoskeleton that promotes its dissolution much like the superimposition of applied oscillations to the "natural frequency" of a suspension bridge can produce. However, any physical mechanism that disrupts the required conditions, such as mechanical perturbation, competitive EM fields, or alterations in precise timing, can prevent the effect. When this occurs, the cancer cells are not affected by the applied field. The phenomenon is analogous to the requirement for structural congruence between an exogenous ligand and the extracellular head group of a transmembrane protein for a response to occur. If the temporal "structure" of the applied field is not resonant with the malignant cells' cytostructural matrix because of obscuring sources, there is no effect.
